We present the Super Eight galaxies -a set of very luminous, high-redshift (7.1 < z < 8.0) galaxy candidates found in Brightest of Reionizing Galaxies (BoRG) Survey fields. The original sample includes eight galaxies that are Y -band dropout objects with H-band magnitudes of m H < 25.5. Four of these objects were originally reported in Calvi et al. (2016) . Combining new Hubble Space Telescope (HST) WFC3/F814W imaging and Spitzer IRAC data with archival imaging from BoRG and other surveys, we explore the properties of these galaxies. Photometric redshift fitting places six of these galaxies in the redshift range of 7.1 < z < 8.0, resulting in three new high-redshift galaxies and confirming three of the four high-redshift galaxy candidates from Calvi et al. (2016) . We calculate the half-light radii of the Super Eight galaxies using the HST F160W filter and find that the Super Eight sizes are in line with typical evolution of size with redshift. The Super Eights have a mean mass of log(M * /M ) ∼ 10, which is typical for sources in this luminosity range. Finally, we place our sample on the UV z ∼ 8 luminosity function and find that the Super Eight number density is consistent with other surveys in this magnitude and redshift range.
INTRODUCTION
Two of the most compelling questions when studying the high-redshift universe are when and how the intergalactic medium (IGM) transitioned from neutral, opaque hydrogen to transparent and ionized. Recent observations from Planck & studies of z ∼ 6 quasars (e.g., Fan et al. 2006 ) place strong constraints on the basic time line of cosmic reionization: Reionization appears to have started around z ∼ 20 and to be complete by z ∼ 6, with a mid-point around z ∼ 8.8 ± 1.3 (Planck Collaboration et al. 2016) .
Remarkable progress has been made in extending observations to this earliest period: many candidate galaxies have joanna.bridge@louisville.edu been identified at 7 < z < 8 (e.g., McLure et al. 2013; Bradley et al. 2014; Bowler et al. 2014; Bouwens et al. 2015; Finkelstein et al. 2015; Schmidt et al. 2014; Bowler et al. 2017; Stefanon et al. 2017; Ono et al. 2018 ) and a dozen candidate galaxies have been found as far back as 9 < z < 11 (e.g., Bouwens et al. 2011; Coe et al. 2013; Ellis et al. 2013; McLure et al. 2013; Oesch et al. 2013 Oesch et al. , 2014 Oesch et al. , 2016 Hashimoto et al. 2018) .
Probing the ionization state of the Universe is usually done through observations of the Lyα emission line in z > 6 galaxies. The suppression of Lyα emission from galaxies is to be expected in an increasingly neutral Universe due to the resonant nature of the Lyα line. Indeed, the overall prevalence of Lyα emission in galaxies becomes increasingly rare towards higher redshift, beginning at z ∼ 6 (Santos 2004; Malhotra & Rhoads 2004; McQuinn et al. 2007; Mesinger & Furlanetto 2008; Stark et al. 2010 Stark et al. , 2011 Fontana et al. 2010; Dijkstra & Wyithe 2012; Ono et al. 2012; Treu et al. 2013; Caruana et al. 2012 Caruana et al. , 2014 Tilvi et al. 2013) . By z ∼ 7, only ∼ 10% of galaxies show Lyα emission, a number that decreases to less than 3% for z > 7 (Fontana et al. 2010; Pentericci et al. 2011 Pentericci et al. , 2014 Finkelstein et al. 2013; Schenker et al. 2012 Schenker et al. , 2014 Ono et al. 2012; Tilvi et al. 2013; Oesch et al. 2015; Zitrin et al. 2015; Roberts-Borsani et al. 2016; Song et al. 2016; Tilvi et al. 2016; Stark et al. 2017; Larson et al. 2018) . Determining exactly when this transition from a neutral to an ionized IGM occurs is hampered by the low Lyα detection rate at these redshifts (<3-10%; Stark et al. 2011 Stark et al. , 2013 Schenker et al. 2014) .
In order to bypass this detection deficit, bright emission line sources at 7 < z < 9 can be also detected using the Spitzer/IRAC 3.6-µm and 4.5-µm bands (e.g., RobertsBorsani et al. 2016) . Strong nebular emission lines such as Hα and [O III]+Hβ appear in these bands, causing a color gradient that is highly redshift dependent (Schaerer & de Barros 2009; Labbé et al. 2013; Stark et al. 2013; Bowler et al. 2014; Laporte et al. 2014; Smit et al. 2014 Smit et al. , 2015 . High luminosity sources (H 160 < 25.5) with red IRAC colors ([3.6 ] − [4.5] > 0.5) can therefore be identified reliably as long as care is taken to rule out lower redshift interlopers such as brown dwarfs.
This method has been successfully used to identify four bright sources in the CANDELS (Grogin et al. 2011 ) Extended Groth Strip (EGS) (Davis et al. 2007 ) and COSMOS (Scoville et al. 2007) fields. All four of these sources have consequently been spectroscopically confirmed via their Lyα emission (z = 7.73, 8.68, 7.48, 7.15; Oesch et al. 2015; Zitrin et al. 2015; Roberts-Borsani et al. 2016; Stark et al. 2017) . Previous work by Ono et al. (2012) and Finkelstein et al. (2013) identified very bright Lyα emitters using Spitzer/IRAC photometry and found that two further z > 7 Lyα emitters have IRAC colors of [4.5] − [3.6] > 0.5. Taken together, these results indicate that luminous (M UV < −21) galaxies with red IRAC colors are strong candidates in which to look for Lyα emission at this redshift.
The Lyα confirmation of the EGS galaxies shows that these very bright galaxies do exist at this epoch. However, it does not establish if all photometrically-selected candidates are indeed z ∼ 8 galaxies, nor does it yet set strong constraints on the bright end of the z ∼ 8 luminosity function.
The luminosity function (LF) is usually described using a type of gamma distribution known as the Schechter function (Schechter 1976) , with a characteristic luminosity that indicates where the slope of the LF begins to steepen towards the bright end. The LF of galaxies exhibits a smooth evolution with cosmic time, with some studies showing little evolution in the characteristic luminosity of star-forming galaxies over the redshift range 4 < z < 10 (e.g. van der Burg et al. 2010; Jaacks et al. 2012; Atek et al. 2015; Bouwens et al. 2015; Finkelstein et al. 2015; Mason et al. 2015; Livermore et al. 2017; Ishigaki et al. 2018; Ono et al. 2018 , but see Lorenzoni et al. 2011 McLure et al. 2013; Bowler et al. 2015) . This limited evolution is perhaps counterintuitive; one might expect that the biggest and brightest galaxies will continually grow in UV luminosity as they build up cool gas reservoirs and stars. However, if galaxies reach sufficiently high masses, metal production and dust extinction help set an upper limit on their UV luminosities (Reddy & Steidel 2009; Bouwens et al. 2009 ). Feedback from active galactic nuclei also plays a role in this process (Granato et al. 2004; Croton et al. 2006) . How and when these physical processes influence star formation in early galaxies are yet to be definitively determined, causing the nature of the bright end of the LF to be uncertain. Several studies of the LF at 4 < z < 7 indicate that the bright end may flatten with redshift (Bowler et al. 2014 (Bowler et al. , 2015 Calvi et al. 2016; Salmon et al. 2017; Stefanon et al. 2017; Ono et al. 2018) , while modelling suggests a Schecter-like LF even at high redshift (Trenti et al. 2010; Jaacks et al. 2012) .
Obtaining additional statistics on the brightest z ∼ 8 galaxies is important to draw robust conclusions about how the bright end of the LF evolves with cosmic time. These studies will provide us with insight into how bright or massive galaxies might become at very earliest times in the Universe and what physical processes drive the first star-formation.
At z ∼ 8, there is substantial field-to-field variance in the spatial density of the most luminous (and hence rarest) galaxies. To overcome this variance, several wide-area searches have been conducted. McLure et al. (2013) examined several hundred arcmin 2 using Hubble Ultra Deep Field (HUDF) observations from HUDF09 and HUDF12, as well as a wealth of publicly available imaging to characterize the LF at z ∼ 7 − 8 using a catalog of ∼ 600 galaxies, and provided the first estimate of the LF at z ∼ 9. Bouwens et al. (2015) compiled publicly available data from CANDELS, HUDF09, HUDF12 , ERS (Windhorst et al. 2011) , and BoRG (Trenti et al. 2011) to provide a consistent characterization of the luminosity function from z ∼ 4 − 10 using ∼ 10, 000 galaxies over ∼ 1000 arcmin 2 . The UltraVISTA survey (Stefanon et al. 2017 ) originally found sixteen Lyman Break Galaxies at z ∼ 8 − 9 over a very large survey area of 1.6 degrees 2 , three of which have robust high photometric redshifts determined using follow-up HST observations. The BoRG Survey is a pure-parallel HST survey that is comprised of Wide Field Camera 3 (WFC3) observations that were simultaneously observed with COS spectroscopy occurring elsewhere. BoRG now consists of the BoRG[z8] (Bradley et al. 2012; Trenti et al. 2012; Schmidt et al. 2014), BoRG[z9-10] (Calvi et al. 2016; Bernard et al. 2016; Morishita et al. 2018, HIPPIES (GO 12286 , PI H. Yan), and Calvi et al. (2016) .
b See Livermore et al. (2018) other GTO HST/WFC3 programs. These consist of single HST/WFC3 pointings that are distributed almost randomly throughout the sky. The benefit of this strategy is that it is very efficient at providing a fair probe of the brightest sources at this redshift (Bradley et al. 2012; Brammer et al. 2012; Schmidt et al. 2014; Calvi et al. 2016) . The drawback of this approach is that with only four or five HST filters, redshift identifications are less certain, and we are tantalizingly left with bright, yet tentative z ∼ 8 candidate galaxies. The set of eight galaxies selected for follow-up study here were previously identified in the BoRG survey, and were chosen as a result of their high-redshift candidacy and bright Hband magnitudes. In this work, we expand upon the available HST photometry with new data using the HST WFC3 F814W filter and the Spitzer IRAC filters in order to explore the properties of these luminous Super Eight galaxies that were found in the BoRG survey. In Section 2, we discuss how the candidates were originally selected. With the candidates in hand, we detail the data (both archival and new) and the photometry for the galaxy candidates in Section 3. Section 4 explains the fitting procedure for determining the galaxies' photometric redshifts, and Section 5 discusses further properties of the sample. The volume density of the sample is discussed in Section 6, and in Section 7, we place our results in the larger context of high-redshift galaxies studies, and consider future work.
We assume a ΛCDM cosmology with H 0 = 70 km s
Mpc −1 , Ω m = 0.3, and Ω Λ = 0.7. All magnitudes are in the AB system (Oke & Gunn 1983 ).
CANDIDATE SELECTION
Four of the Super Eight galaxies were previously identified as high-redshift candidates in the BoRG fields by Calvi et al. (2016) (Super8-4-7) . That search covered an area of ∼ 130 arcmin 2 . The high-redshift candidates were selected via the Lyman-break technique (Steidel et al. 1996) and used external persistence maps to exclude spurious detections. Super8-7 was selected using the z ∼ 9 Y -dropout criteria:
where Y 105 , JH 140 , and H 160 represent the F105W, F140W, and F160W HST WFC3 filters. Calvi et al. (2016) identified three further objects at z ∼ 7 − 8 using:
where J 125 represents the F125W filter.
The remaining Super Eights (Super8-1-3, 8) were identified as high-redshift candidates in the BoRG survey fields by Bouwens et al. (2015) . Super8-2 and Super8-3 were found in the original search that covered 218 arcmin 2 . They were excluded from the catalog due the requirement that objects not be possibly associated with bright foreground sources. Super8-1 and Super8-8 were discovered in COS-GTO observations (IDs 11528 and 12036, PI J. Green) that were not a The depth was determined by calculating the average rms noise in 0. 5-diameter (0. 9-diameter) empty apertures placed throughout the HST (IRAC) images. b There are no IRAC observations for included in the Bouwens et al. (2015) search but were identified in additional data using the same criteria. This extended search added an additional 83.9 arcmin 2 in survey area, for a total of ∼ 300 arcmin 2 . These four galaxies were selected using the criteria: S/N 606/600 < 1.5
where Y 098 represents the F098M band. The final candidate sample is given in Table 1. 3. DATA With the galaxy sample in hand, we reprocessed all of the data available for these objects in order to obtain accurate photometric redshifts. We therefore reacquired all of the imaging available in the Hubble Legacy Archive 1 (HLA) for the Super Eight galaxies. Additionally, we performed a new HST+Spitzer observing campaign to collect further imaging in filters not yet available.
The BoRG Data
The z ∼ 8 galaxies presented here are found in the BoRG fields that are discussed in Bradley et al. (2012) and Schmidt et al. (2014) , based on the 2009, 2012, and 2013 BoRG survey campaigns. The pure-parallel nature of the survey ensures that the survey area is divided into many independent 1 https://hla.stsci.edu/hlaview.html lines-of-sight on the sky, reducing sample (or cosmic) variance below the level of statistical noise (Trenti & Stiavelli 2008) . Here, we use the standard multi-drizzle reduction of these undithered WFC3 data that are available on the Hubble Legacy Archive. The exposure times and 5σ limiting depths in the H-band for Super Eights are given in Table 2 .
HST/WFC3 F814W and Spitzer/IRAC Data
The bands provided by the BoRG survey are important to identify Y -band dropout candidates. In order to provide more robust photometric redshift fitting, we obtained HST/WFC3 F814W observations of the eight Super Eight galaxy candidates (GO 14652, PI B. Holwerda), which also included Spitzer photometry in both the 3.6-µm and 4.5-µm bands for five of the eight objects. Spitzer IRAC observations were also obtained for two other objects via another program (ID 13103, PI S. Bernard). In total, there are IRAC observations for seven of the eight galaxies in the sample. The combination the F814W and IRAC data is critical for the reliable selection of galaxies at this epoch.
Each object was observed with the HST F814W filter for ∼ 5200 seconds, reaching an average 5σ limiting depth in 0. 4-diameter empty apertures of m = 27.4. The images were reduced with the standard STScI AstroDrizzle package (Gonzaga et al. 2012) , which removes the geometric distortion, corrects for the sky background, flags cosmic-rays, and combines images with subsampling using the drizzle algorithm.
The Spitzer IRAC observations consist of observations of varying exposure times and limiting magnitudes for each observation, given in Table 2 . The IRAC data reduction was carried out using the mophongo pipeline developed by Labbé et al. (2015) . Each image frame is corrected for background, cosmic rays, persistence from bright stars, and other artifacts. The corrected frames are successively registered to the reference frame (the HST image) and median combined. For each mosaic, the pipeline generates spatially varying empirical point spread functions (PSF), applying the weights and rotations of each frame to a high signal-to-noise template PSF reconstructed from the deepest archival observations.
Other Data
In addition to the BoRG survey data and the HST/Spitzer F814W campaign, we trawled the Hubble Legacy Archive for any other available observations that exist for these objects. This resulted in shorter wavelength filters of F475W (GO 11528, PI J. Green) and F475X (GO 11534, PI J. Green) for Super8-1 and Super8-3, respectively. The use of these data does not change the final results, but we include them for completeness. We also include F098M filter data (GO 14701, PI M. Trenti) for Super8-4. For these data, we used the standard drizzled data products from the HST archive. 
Source Extraction and Aperture Photometry
Once we gathered the imaging data for all of the objects, they were aligned using the AstroPy reprojection 2 algorithm. To determine the HST photometry, we ran Source Extractor (Bertin & Arnouts 1996; Holwerda 2005) in dual-image mode using the F160W images as the detection image. We used MAG_AUTO and associated errors as the total magnitude in each band. To correctly determine the photometric errors, we re-scaled the original weight maps for 2 https://reproject.readthedocs.io/ each image to correctly account for correlated noise (Casertano et al. 2000) following the method of Trenti et al. (2011) . We verified that each source had a S/N > 0.5 with at least nine contiguous pixels in the detection image. Table 3 gives the HST photometry for our sample, which have been corrected for Galactic extinction using the dust maps of Schlafly & Finkbeiner (2011) 3 . Photometry in the IRAC 3.6-µm and 4.5-µm bands was performed with the code Mophongo (Labbé et al. 2005 (Labbé et al. , 2006 (Labbé et al. , 2010a (Labbé et al. ,b, 2013 . Briefly, the code reconstructs the light profile of all neighboring sources in 12. 0 radius fitting to the IRAC frame a higher resolution image (the HST detection mosaic) convolved with a kernel reconstructed from the empirical IRAC PSFs and the PSF of the prior image. Aperture photometry (with a diameter of 1. 8) is then performed after removing the models of the neighboring objects. A correction based on the PSF and on the light profile of the source under analysis is finally applied to obtain total fluxes. Table 4 gives the observed IRAC fluxes. As with the HST data, the photometry has been corrected for Galactic extinction (Schlafly & Finkbeiner 2011) , although this extinction does not affect the measurements given the lack of precision in the IRAC data.
The IRAC uncertainties were measured in the same manner as described in Stefanon et al. (2017) . Briefly, the rms was calculated for the pixels in the apertures using the residual frames (science frame with all objects subtracted.) Systematic errors from the kernel reconstruction are also taken into account and the final result was scaled using the aperture correction.
We present the cutouts from the available HST bands in Figures 1-8 as well as the Spitzer IRAC cutouts for the objects with available data.
PHOTOMETRIC REDSHIFT FITTING
We performed photometric redshift fitting using the EAZY fitting code (Brammer et al. 2008 ). This algorithm can quickly fit linear combinations of spectral templates that are based on semianalytic models (SAM), rather than spectroscopic samples. Brinchmann et al. (2017) determined that the least-biased EAZY template for high-redshift galaxy fitting is the eazy_v1.3 template. This template is based on the original EAZY template that was developed from synthetic galaxy photometry using SAMs, but also includes several additional SEDs (Bruzual & Charlot 2003; Maraston 2005; Erb et al. 2010 ) and emission lines (Ilbert et al. 2009 ). In addition, we have included three lower-redshift templates of dusty, passively evolving galaxies with that represent a 2.5 Gyr-old population (Bruzual & Charlot 2003 ) with reddenings of A v = 2, 5 and 8 magnitudes using Calzetti et al. (2000) extinction curves. We have also included four BPASS templates of young (< 10 8.5 yr) systems with strong nebular lines and nebular continuum emission, as well as some dust extinction (Eldridge et al. 2017) . The inclusion of BPASS templates is particularly important because they include binary systems, which can elongate the lifetime of the youngest, most massive stars, resulting in strong emission, even in older galaxy populations. We include no magnitude priors in the fitting. The use of Bayesian priors is helpful when there are degeneracies between template colors and redshifts in fairly featureless spectra; the inclusion of the Lyman break as well as IRAC photometry in our SEDs precludes these degeneracies in our sample (see Brammer et al. 2008 for more detail.) In order to verify the EAZY photometric redshifts, we also used the Bayesian redshift fitting code BPZ (Benítez 2000) using the same template SEDs as Livermore et al. (2018) . We note that BPZ does not easily allow for the addition new galaxy templates, making it more difficult to compare the results directly.
GALAXY PROPERTIES
The photometric redshift fitting results for the Super Eight galaxies are given in Figures 1 through 8 . The addition of the F814W filter and the IRAC band(s) secure the photometric redshifts of five out of eight of the Super Eight galaxies candidates (Super8-1 through 5) as 7.1 < z < 8.0. Super8-6 has a probability distribution that indicates that it is a high-redshift object, but the result is tenuous due to the lack of IRAC data for this galaxy. Super8-7 and Super8-8 are both likely lowredshift galaxies, although the higher redshift probability for Super8-7 is not small. The probability distributions for all objects are shown in the same series of figures. The redshifts of the six likely Super Eight galaxies are tabulated in Table 5 . The redshift errors were generated by determining the 1σ errors of the highest peak in the redshift probability distribution
As a check, we stacked the images blueward of the Lyman break (up to and including the HST F814W filter) for all of the objects to verify that there was no flux in the blue bands, and we show the results in Figure 9 . The ow-redshift nature of Super8-8 can be clearly seen in the stack.
In the appendix, we show the photometric redshift solutions both with and without the addition of the HST F814W filter and the two IRAC bands. In most cases, the redshift solution is significantly affected by the addition of these filters. Figure 10 shows the rest-frame UV absolute magnitudes of the Super Eight galaxies evolution with redshift. Similar to the bright, high-redshift galaxies of Roberts-Borsani et al. (2016), these galaxies lie well above the M * UV of the z = 8 luminosity function of Bouwens et al. (2015) and are some of the brightest known z > 7 candidate galaxies.
[3.6] − [4.5] IRAC Color
There has been much discussion as to whether the [3.6] − IRAC colors, and identified four candidates. These galaxies have all been spectroscopically confirmed as high-redshift Lyα emitters Zitrin et al. 2015; Stark et al. 2017) .
We give the [3.6] − [4.5] IRAC colors for the Super Eights in Table 5 . Only one of the galaxies is detected at 1σ in both IRAC bands. While the upper limits (and 1σ detections) are useful for more precisely measuring the redshift of these objects, the IRAC colors are not well determined, but we include them here for completeness. Deeper IRAC observations will be needed to robustly determine the infrared colors of these objects.
Sizes
We determined the rest-frame UV half-light radii of the Super Eight sample using Source Extractor on the F160W images. We converted the measured effective radii to arcseconds using the respective pixel sizes and corrected the measured sizes for the PSF using R 50 = R 2 SE − R 2 PSF , where R PSF = 0. 14 for the F160W filter on WFC3. Figure 11 shows the Super Eight galaxy physical size evolution with redshift, and the sizes are given in Table 5 . Super8-2 is the most extended object in the sample with a size of R 50 = 0. 21. The mean physical size of the resolved objects is (R 50 = 0.6 ± 0.3 kpc), which is typical of what has been found for other highredshift samples; Bowler et al. (2017) found a range of 0.5-3 kpc for a sample of z ∼ 7 galaxies. Figure 12 shows a 2. 5×2. 5 cutout of the F160W filter of Super8-1 to show typical size exhibited by some of the Super Eight galaxies.
Size estimates can be affected by the choice of measurement technique (e.g., Huang et al. 2013; Curtis-Lake et al. 2016) . We chose the Source Extractor sizes for several reasons: (1) GALFIT (Peng et al. 2002 (Peng et al. , 2010 can only perform a decomposition if the data is sufficiently sampled; however, the BoRG data lacks the resampling from a intentional dither strategy, (2) Source Extractor sizes have proven been shown to be accurate enough for size estimates (see Grazian et al. 2012; Holwerda et al. 2014) , and (3) Source Extractor is the standard tool for size measurements at lower redshift. While Source Extractor sizes may be underestimates in the case of very extended, lowsurface brightness galaxies (Grazian et al. 2012; Ono et al. 2013) , this is an issue only for objects more extended and with lower surface brightness than those presented here.
Previous explorations of the size of high-redshift galaxies have been done either using a few faint galaxies in the Hubble Ultra Deep Field or the eXtremely Deep Field (e.g., Oesch et al. 2010; Ono et al. 2012; Hathi et al. 2012) , or with larger samples of galaxies at z ∼ 9 in the CANDELS fields (Oesch et al. 2014; Holwerda et al. 2015) . Oesch et al. (2014) found little evolution from 7 < z < 8 in their sample, noting that there were no bright, extended objects at z ∼ 8, while Bowler et al. (2017) found more extended and merging systems at z ∼ 7. There is significant scatter in the sizes of the Super Eight galaxies, but there is room to state that the most luminous of these early galaxies may have more extended sizes, tentatively extending the trend found by Bowler et al. (2017) to the z ∼ 8 regime.
The mean galaxy size has been shown to decrease steadily with increasing redshift, although this relationship has significant scatter. Analytical models from Fall & Efstathiou (1980) and Mo et al. (1998) predict effective radii should scale somewhere in between (1 + z) −1 for galaxies in halos of fixed mass and (1 + z) −1.5 for a fixed circular velocity. More recent theoretical work (e.g., Somerville et al. 2008; Wyithe & Loeb 2011; Stringer et al. 2014 ) retains this global redshift relation for massive galaxies. Observational evidence from earlier samples point to a relation somewhere in between with some disagreement over the precise scaling relation, where some studies indicate (1 + z) −1 (Bouwens et al. 2004 Oesch et al. 2010; Holwerda et al. 2014) , other studies preferring (1 + z) −1.5 (Ferguson et al. 2004) , and yet others lying between these two relations (Hathi et al. 2008; Ono et al. 2013 ).
Both Shibuya et al. (2015) and Curtis-Lake et al. (2016) have pointed out, however, that the arithmetic mean may not be the optimal description for the growth of galaxy sizes with redshift in this epoch, given the existence of a "tail" of extended galaxies, which would skew the mean and introduce a selection effect due to surface brightness dimming. The mean of the Super Eight sizes, shown in Figure 11 as a filled blue hexagon, does not indicate such an effect, and shows an agreement with the (1 + z) −1.5 relation. (2016) (CL16), and the singlecomponent galaxies of Bowler et al. (2017) (B17) . Typical relations of (1 + z) −1 (e.g., Bouwens et al. 2004 ) and (1 + z) −1.5 (Ferguson et al. 2004 ) (normalized arbitrarily) are also shown for reference with dashed and solid lines, respectively. Holwerda et al. (2015) examined the sizes of a set of candidate z ∼ 9 − 10 galaxies from CANDELS and found that the dusty low-redshift interlopers for that sample had a mean effective radius of r e = 0. 59. These potential contaminants are significantly larger than any of the Super Eight galaxies.
Masses
We determine the masses of the Super Eight galaxies by performing SED fits using the MAGPHYS algorithm (da Cunha et al. 2008) . MAGPHYS a Bayesian algorithm that uses panchromatic galaxy model spectra from Bruzual & Charlot (2003) and Charlot & Fall (2000) to derive likelihood estimates on various galaxy properties. Specifically, we use Figure 12 . A 2. 5 × 2. 5 cutout of the F160W filter of Super8-1. The galaxy is fairly extended and asymmetric.
the high-redshift extension as described in da Cunha et al. (2015) , which includes new star formation histories that are appropriate for galaxies whose star formation is still increasing, and improved prescriptions for dust attenuation and effects of the intergalactic medium on UV photons.
To perform the SED fitting, we employ a Chabrier (2003) initial mass function (IMF) and a star formation history (SFH) that increases linearly then decreases exponentially with time (see da Cunha et al. (2015) for more details.) The code uses a power law to describe the dust content (Charlot & Fall 2000) . We specify the redshift determined by the photometric redshift fitting in Section 3. The resulting mass estimates are reported in Table 5 .
The masses derived do not explicitly take into account the fact that at high-redshift, the 4.5-µm band may be contaminated with strong emission lines. We therefore performed the SED fitting without the [4.5] band, and found that the results are well within 1σ of the original results.
As a check, we also determined the masses using the SED fitting code FAST (Kriek et al. 2009 ). Using a Chabrier (2003) IMF, the Calzetti et al. (2000) dust law, and an exponentially decreasing SFH, the code uses the Flexible Stel- Figure 13 . The selection probability S(z, m) C(m) for Super8-2 and 4. Super8-2 is given as an example of the three galaxies found in the extended BoRG search, while Super8-4 is representative of the four galaxies originally found by Calvi et al. (2016) . The selection function was used to determine the total effective volume probed in the search for the Super Eights galaxies. lar Population Synthesis (FSPS) of Conroy et al. (2009) to perform chi-squared fitting. The FAST skewed lower than the MAGPHYS results by about 2σ for two out of six objects. Given that we cannot pin down the infrared emission from these galaxies at this redshift, this is not surprising. We report the MAGPHYS results as that code, in particular the star formation history, has been optimized for high-redshift galaxy analysis.
The masses of the Super Eight galaxies are comparable to what has been found previously for very bright galaxies at this redshift. Oesch et al. (2015) report the mass for a spectroscopically-confirmed z = 7.73 galaxy with m H = 25.0 as log(M * /M ) = 9.9 ± 0.2. This is in line with the masses of the Super Eights.
VOLUME DENSITY OF THE SUPER EIGHTS
In order to place the Super Eight galaxies on the bright end of the luminosity function, we must first determine the total volume sampled. The three galaxies originally identified by Calvi et al. (2016) (Super Eights 4-6) were found over an effective area of ∼ 130 arcmin 2 . Due to the pure-parallel nature of the BoRG survey, each field has a distinct limiting magnitude, which are reported in Table 1 of Calvi et al. (2016) , along with the effective area of each field. For the remaining three Super Eights galaxies, the survey area is ∼ 300 arcmin 2 with a limiting magnitude of m H = 26.3, as reported by Bouwens et al. (2015) .
In order to derive the completeness of our sample, we performed simulations to recover artificial sources in the fields (Oesch et al. 2007 (Oesch et al. , 2009 . These simulations determine a completeness function, C(m), and a redshift selection function S(z, m) at z ∼ 8 for each field, resulting in an overall selection probability. The effective volume as a function of magnitude is
The artificial sources cover a range of SEDs, magnitudes, sizes, and redshifts. Using the same selection criteria used for the candidate selection, we then determined how well we were able to recover these artificial sources, resulting in the source selection and completeness functions. These simulations therefore allowed us to account for volume loss due to foreground sources or limiting magnitudes of the fields. The selection function for Super8-2 and 4 are shown in Figure 13 . The BoRG search that resulted in the four galaxies originally identified by Calvi et al. (2016) , of which Super8-4 is an example, reached fainter F160W magnitudes than the other three galaxies whose identity as high-redshift galaxies was less certain (see Section 2.) We calculate the z ∼ 8 LF using this effective volume, including only the five objects with z > 7.5 (Super8-3 has z = 7.1). The resulting volume density is 8.24 Figure 14 shows this result, along with various volume densities from the literature. The Super Eights lie slightly above the z ∼ 8 Schechter luminosity function determined by Bouwens et al. (2015) . It has been posited that the bright end of the LF may be better described by a double power law (e.g., Bowler et al. 2014) ; the Super Eights cannot conclusive rule out either a Schechter function or double power law.
DISCUSSION
We have presented here the Super Eight galaxies, a set of six very luminous, 7.1 < z < 8.0 galaxy candidates. The properties of these galaxies are similar to the high H-band magnitude galaxies that have been found in the CANDELS EGS and COSMOS fields by Roberts-Borsani et al. (2016) .
Finding such bright objects at z ∼ 8 challenges our understanding of the evolution of the luminosity function at the bright end. It has been suggested in recent studies that the bright end of the high-redshift luminosity function may in fact not follow a Schechter fit, and instead is better characterized by a double power-law (e.g., Bowler et al. 2014 Bowler et al. , 2015 Stefanon et al. 2017; Ono et al. 2018) . The fact that the existence of very bright z ∼ 8 galaxies is becoming much more commonplace may support this idea. Both Livermore et al. (2018) and Morishita et al. (2018) found that the z ∼ 9 luminosity function does not favor a power-law form at the bright end, but also note that it is not ruled out for the BoRG data. According to the derived luminosity functions of Mason et al. (2015) , Bouwens et al. (2015) , and Finkelstein et al. (2015) , finding galaxies of these UV magnitudes at this redshift is very unlikely. The Super Eight sample of galaxies presented here favors a double power law interpretation, but a Schechter form for the luminosity function at this redshift is not ruled out.
The fact that Lyα has been observed in galaxies of comparable luminosity to these particular galaxies, while Lyα is largely attenuated in lower luminosity galaxies that are also in the heart of the reionization epoch, makes them unique targets to study to better understand the details regarding reionization in the early universe. It has been posited that these very bright objects could be ionizing the neutral hydrogen around them more efficiently than their less luminous counterparts (Zitrin et al. 2015; Stark et al. 2017) .
The Super Eight galaxies make ideal candidates in which to search for Lyα. If Lyα is not detected in these galaxies, this may signify that the EGS field, with its 100% success rate in detecting Lyα, is a unique line-of-sight. If we are successfully able to detect Lyα in the Super Eight targets, it will be an indication that bright galaxies play a significant role in the reionization process, as it is expected that the IGM is largely neutral from 7 < z < 9.
The detection of Lyα coupled with red IRAC colors (which can be a sign of strong [O III]+Hβ emission) indicates a young stellar population in these galaxies. As noted by Stark et al. (2017) and backed up by modeling by Mason et al. (2018) , the hard ionizing radiation from these galaxies may be preferentially ionizing the IGM surrounding them, creating large ionized bubbles within the neutral hydrogen. While the IRAC colors of the Super Eights are inconclusive, deeper Spitzer data may reveal the emission lines properties of these sources.
CONCLUSIONS
In this paper we have presented a sample of eight very bright (m H < 25.5) z ∼ 8 galaxy candidats from the BoRG survey called the Super Eights. We began with a set of eight Y -band dropout candidates, four of which had previously been presented in Calvi et al. (2016) , while the remaining four were found in the BoRG fields using the selection criteria of Bouwens et al. (2015) . In this work, six of the eight galaxies have been determined to be high-redshift objects.
The properties of this sample are as follows:
• Using the photometric redshift codes EAZY (Brammer et al. 2008) and BPZ (Benítez 2000) , we fit all available photometry to determine if the galaxies are at high redshift. We employed new HST F814W and Spitzer IRAC data (GO 14652, PI B. Holwerda) in addition to archival HST data and found that seven of the original eight candidate galaxies are high-redshift objects with 7.1 < z < 8.0. This confirms the redshift fitting of (Calvi et al. 2016) . We found one source to be a likely low-redshift interloper.
• The IRAC data help constrain the photometric redshift solutions for the Super Eight galaxies. However, due the the shallow nature of our Spitzer IRAC observations, we cannot conclusively state that these galaxies have red IRAC colors, such as those reported by Roberts-Borsani et al. (2016) . Deeper Spitzer data are needed to show if an infrared excess in the 4.5-µm band due to nebular emission lines such as [O III]+Hβ exists.
• The sizes of the Super Eight galaxies as determined from their rest-frame UV half-light radii are on par with those measured at similar redshifts. The mean physical size is R 50 = 0.6 ± 0.3 kpc, in line with the (1 + z) −1.5 relationship, but there is significant scatter in the size-redshift relationship.
• We performed SED fitting of the Super Eights using both MAGPHYS (da Cunha et al. 2008) and FAST (Kriek et al. 2009 ) and found that these galaxies have a mean mass of log(M * /M ) ∼ 10.
• The volume density of this sample of galaxies is 8.24
+4.90 −3.26 × 10 −6 mag −1 Mpc −3 for 25 < m H < 25.5 at z ∼ 8. This is a slightly higher density than predicted at the bright end of the luminosity function using a Schechter fit (e.g., Bouwens et al. 2015) . Although this could be an indication that the the luminosity function is better modeled using, for example, a double power law function, rather than the Schechter function, it could be simply be result of small number statistics.
The Super Eight galaxies join a growing sample of very bright high-redshift objects that are motivating our understanding of the history of reionization. In the future, they will make excellent early candidates to follow up with JWST.
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